Aims-The diagnosis of malignant mesothelioma in pleural biopsies can be diYcult. Survival is short and consequently many of these cases are submitted to necropsy to assist with medicolegal claims. This study compares the histological appearances and immunohistochemical profile of nine biopsy specimens with corresponding postmortem specimens. Methods-Archival, formalin fixed, paraffin wax embedded material was obtained from nine biopsy and corresponding postmortem cases of malignant mesothelioma. The specimens were examined by light microscopy and stained with an immunohistochemical panel of 12 commercially available antibodies including CAM5.2, HBME-1, and Ber-EP4, and antibodies to thrombomodulin, calretinin, CD44H, WT-1, carcinoembryonic antigen, Leu-M1, epithelial membrane antigen and p53. Results-There was greater variation in the range of histological appearances of mesotheliomas in postmortem specimens compared with biopsy specimens. There was also variability in the immunohistochemical staining pattern for certain antibodies including HBME-1, and Ber-EP4 and antibodies to calretinin, CD44H, WT-1, and p53. Conclusions-All available information should be taken into account in the histological diagnosis of malignant mesothelioma. Interpretation of the immunohistochemical profile should be regarded with some caution when only postmortem material is available. When reporting a postmortem case of suspected mesothelioma, the pathologist should seek to review all available biopsy material in conjunction with the necropsy. (J Clin Pathol 2001;54:766-770) 
Malignant mesothelioma is a tumour that arises from the surface serosal cells of the pleura, peritoneum, pericardium, or tunica vaginalis testis. The most frequent location of this tumour is the pleura. Mesothelioma is closely related to asbestos exposure. In the Clydebank district of Glasgow, where blue asbestos was widely used for lagging pipes and boilers in the shipbuilding industry, the incidence is six times higher than in the rest of Scotland. 1 The accurate diagnosis of malignant mesothelioma is important for clinical and medicolegal reasons. Early and precise diagnosis of biopsy samples will influence clinical management and avoid unnecessary invasive diagnostic procedures. Furthermore, from a legal viewpoint, compensation claims from workers exposed to asbestos demands an accurate diagnosis of malignant mesothelioma. However, the histological diagnosis of malignant tumours of the serosal surfaces can be diYcult. Malignant mesothelioma can show diverse histopathological appearances. Furthermore, the pleura is a common site for metastatic disease, florid reactive fibrosis, mesothelial hyperplasia, and rarely primary sarcomas. All of these can mimic mesothelioma.
Nearly all patients with malignant mesothelioma die within 12 to 18 months of diagnosis, leaving relatives to pursue common law compensation, from former employers, through the courts. For this reason, a necropsy is usually performed, often on the instructions of the procurator fiscal, on most patients dying of malignant mesothelioma, whether or not a positive biopsy diagnosis was obtained during life.
Immunohistochemistry is generally considered to be the most useful ancillary technique for the diagnosis of malignant mesothelioma. However, no antibody is entirely sensitive or specific for mesothelioma and there is considerable variation in staining patterns between diVerent studies. [2] [3] [4] [5] [6] [7] The aim of our study was to compare the histological appearance and immunohistochemical staining patterns of malignant mesotheliomas from matched biopsy and postmortem specimens. For this purpose, we used a panel of 12 commercially available antibodies. The panel included antibodies generally considered most useful as markers for diVerentiating adenocarcinoma (antibodies against carcinoembryonic antigen (CEA), human epithelial antigen (Ber-EP4), and Leu-M1), sarcoma (CAM5.2 and anti-vimentin), and reactive mesothelial proliferations (antibodies against epithelial membrane antigen (EMA) and p53) from mesothelioma, in addition to putative selective markers for mesothelioma (antibodies against human mesothelial cell antigen (HBME-1), thrombomodulin, calretinin, CD44H, and WT-1).
Materials and methods

MATERIALS
We retrieved biopsy and corresponding postmortem tissue from nine cases of malignant mesothelioma from the pathology files of the Western Infirmary and Victoria Infirmary in Glasgow. The nine cases, which all involved the pleura, were diagnosed between 1990 and 1999. In eight cases, the necropsy was performed between 24 and 48 hours of death. In one case, the necropsy was performed within 72 hours of death. The biopsy specimens comprised a mixture of needle and thoracoscopic biopsies and they had all been formalin fixed and paraYn wax embedded. The postmortem tissues were also formalin fixed and paraYn wax embedded. The needle biopsies comprised three to four cores of tissue all processed as one paraYn wax block. The thoracoscopic biopsies consisted of three to four pieces of tissue, the largest piece measuring approximately 20 mm in maximum diameter. Multiple blocks of tumour were available for each postmortem case. For both thoracoscopic biopsy and postmortem specimens, all slides were assessed and the most appropriate block showing the major features of the tumour, with limited necrosis and autolysis, was selected. Table 1 gives the details of the antibodies selected. For immunohistochemistry, 3 µm sections were cut from the paraYn wax blocks, dewaxed, and serially rehydrated in water. Sections were then immunostained using a standard avidin-biotin complex technique. Briefly, endogenous peroxidase activity was blocked with 3% hydrogen peroxide in methanol and endogenous biotin activity was blocked using avidin and biotin. For antigen retrieval, slides were microwaved in 1mM EDTA, pH 8.0, for 10 minutes or incubated with 0.1% trypsin, pH 7.8, for 10 minutes or 0.4% pepsin, pH 2.5, for 30 minutes. Details of antigen retrieval for each antibody, dilutions of antibody used, and incubation times are also shown in table 1. Appropriate control material (according to the manufacturer's instructions) was used for each antibody. For negative controls the primary antibody was substituted with normal horse serum. Immunohistochemical staining was visualised with 3-3' diaminobenzidene.
IMMUNOHISTOCHEMISTRY
INTERPRETATION OF RESULTS
The slides were evaluated semiquantitatively and the proportion of positive cells estimated as follows: 1, staining of 10-39% of the tumour or reactive mesothelial cells; 2, staining of 40-79% of the tumour or reactive mesothelial cells; 3, staining of 80-100% of the tumour or reactive mesothelial cells. All cases showing staining of less than 10% of the tumour cells were regarded as negative. The staining pattern was recorded as membranous, cytoplasmic, or nuclear for each antibody. The sections were assessed independently by two observers (FR and AEM). In cases where there was substantial disagreement both observers reassessed the slides and a consensus was reached.
Results
The results are summarised in table 2 and illustrated in fig 1.
LIGHT MICROSCOPY
The nine biopsy specimens comprised four epithelioid, four sarcomatoid, and one biphasic mesothelioma. Three of the four epithelioid mesotheliomas showed a solid pattern and one showed a tubulopapillary pattern. The four corresponding postmortem specimens were also of epithelioid subtype, although one case showed more pleomorphism, with scattered multinucleated giant cells, and another case showed a tubulopapillary pattern in addition to solid areas. Three of the four sarcomatoid mesotheliomas showed a similar spindle cell pattern in the corresponding postmortem specimen. In one case the postmortem appearances were those of an undiVerentiated sarcoma with sheets of large bizarre cells (fig 1) . In two sarcomatoid specimens there were areas showing prominent desmoplasia. Two cases showed extensive necrosis.
One biopsy specimen showed a biphasic pattern; however, the corresponding postmortem specimen showed an epithelioid tumour with a predominantly tubulopapillary pattern.
IMMUNOHISTOCHEMISTRY
CAM 5.2 and vimentin
In biopsy and postmortem specimens, all but one mesothelioma (of sarcomatoid subtype) showed strong cytoplasmic staining with CAM5.2.
Vimentin was expressed in four of nine mesotheliomas in both the biopsy and postmortem specimens. The positive tumours were of the sarcomatoid subtype. Fewer cells stained in postmortem specimens than in the biopsy specimens.
HBME-1, thrombomodulin, calretinin, CD44H, and WT-1
Four biopsy specimens (three epithelioid and one biphasic subtype) showed positive membranous staining with HBME-1. The postmortem specimens were also positive for HBME-1 in these cases. In addition, a further epithelioid tumour was positive in the postmortem specimen. HBME-1 staining was stronger and more generalised in postmortem specimens than in the biopsy specimens.
Three epithelioid mesotheliomas showed weak positive membranous staining for thrombomodulin in biopsy specimens. Corresponding postmortem specimens showed similar weak positive membranous staining in two cases. The sarcomatoid and biphasic mesotheliomas were negative.
Four biopsy specimens (three epithelioid and one biphasic) showed moderate to strong nuclear and cytoplasmic staining for calretinin. The corresponding postmortem specimens showed diVuse cytoplasmic staining without nuclear staining in two cases.
Eight biopsy specimens (three epithelioid, one biphasic, and four sarcomatoid subtype) showed positive membranous staining for CD44H. Five corresponding postmortem specimens (three epithelioid and two sarcomatoid subtype) showed positive staining.
Four biopsy specimens (three epithelioid and one biphasic subtype) showed positive nuclear staining for WT-1. Only one of the corresponding postmortem specimens, of epithelioid subtype, showed weak, focal nuclear staining for WT-1.
All nine biopsy specimens stained positively with at least one of these five antibodies. Two specimens, both of epithelioid subtype were positive for all five antibodies (HBME-1 and antibodies to thrombomodulin, calretinin, CD44H, and WT-1). One specimen, of biphasic subtype, was positive with four antibodies (all but anti-thrombomodulin). The remaining two epithelioid tumours were positive with
Figure 1 (A) Biopsy of sarcomatoid mesothelioma (case 8). This case shows a typical spindle cell pattern (haematoxylin and eosin; original magnification, ×400). (B) Postmortem appearances of the same case. The tumour is composed of bizarre, pleomorphic cells (arrows), which are surrounded by inflammatory cells (haematoxylin and eosin; original magnification, ×400).
three and two antibodies, respectively. The four sarcomatoid mesotheliomas were positive for CD44H only.
Seven of the nine postmortem specimens stained positively with at least one of these five antibodies. No specimen was positive for all five antibodies. The two biopsies that had stained positively with all five antibodies were positive for four and two antibodies in the corresponding postmortem tissue. The remaining three specimens of epithelioid subtype stained positively for two antibodies. Two sarcomatoid mesotheliomas remained positive for CD44H only and the remaining two sarcomatoid tumours were negative for all five antibodies.
CEA, Leu-M1, and Ber-EP4
All nine biopsies were negative for CEA, Ber-EP4, and Leu-M1. All postmortem mesotheliomas were also negative for Leu-M1. Focal positive staining for CEA was observed in one postmortem mesothelioma of epithelioid subtype. Three postmortem tumour samples, of the epithelioid subtype, showed focal positive membranous staining with Ber-EP4.
EMA and p53
Seven biopsy specimens showed positive membranous staining for EMA. The corresponding seven postmortem specimens were also positive.
All nine biopsy specimens showed moderate to intense nuclear staining for p53. Nuclear staining was present in five of the postmortem specimens but was more focal than in the corresponding biopsy.
Discussion
Accurate histological diagnosis of mesothelioma is vital for clinical and medicolegal purposes. In life, the clinical presentation and the radiological findings may not always be useful. Peripheral lung adenocarcinoma or metastatic adenocarcinoma to the pleura can be clinically indistinguishable from pleural mesothelioma. 8 Even at necropsy the characteristic gross appearances can be mimicked by pleural obliteration by metastatic tumour or diVuse pleural fibrosis. 8 Alternatively, a mesothelioma forming a more localised mass may mimic a peripheral lung cancer. 8 However, despite the well established histological criteria for the diagnosis of malignant mesothelioma, the diagnosis of this tumour can be diYcult. No two mesotheliomas are exactly alike and there is often striking variation in different portions of the same neoplasm. 9 This heterogeneity of mesotheliomas can present problems, particularly in biopsy specimens. For example, biopsies that contain only the epithelioid component of a biphasic tumour may mimic metastatic carcinoma. 10 Conversely, very occasionally, the spindle cell component of a biphasic tumour can mimic primary or secondary sarcoma or localised fibrous tumour. 11 Furthermore, sarcomatoid mesotheliomas can show extreme variability in cellularity. Biopsy of a desmoplastic area can show dense paucicellular areas of hyaline fibrosis that can mimic pleural plaques or pleural fibrosis. 12 In such cases, the ability to sample the tumour extensively at necropsy may provide a fuller histological picture and thus facilitate the correct diagnosis.
In our study, the nine specimens selected had a positive diagnosis in both biopsy and postmortem material. It is noteworthy that two of the sarcomatoid mesotheliomas showed prominent desmoplastic areas in postmortem material. Furthermore, two postmortem specimens showed extensive necrosis. Needle biopsy of either desmoplastic or necrotic areas would have made firm histological diagnosis during life diYcult. In one sarcomatoid case, the postmortem appearances were those of an undiVerentiated sarcoma with large bizarre nuclei, considerably diVerent from the spindle cell tumour seen in the biopsy. Similarly, dediVerentiation to a more pleomorphic tumour was seen in one of the epithelioid mesotheliomas at necropsy. Tumour dediVerentiation is not uncommon in advanced mesothelioma and consequently is not infrequently seen in postmortem specimens. 9 We have seen cases where the diagnosis could not have been made on the postmortem findings without recourse to the original biopsy taken during life. In such dediVerentiated cases, extensive tumour sampling is recommended in an attempt to identify areas of more conventional mesothelioma. The previous biopsy appearances should also be taken into account when reporting such cases.
As previously mentioned, immunohistochemistry is generally considered to be the most useful ancillary technique for the diagnosis of malignant mesothelioma. To date, there is no single immunohistochemical marker that is both entirely specific and sensitive for distinguishing between mesothelioma, adenocarcinoma, sarcoma, and reactive mesothelial hyperplasia. Therefore, most laboratories use an immunohistochemical panel to facilitate in the diagnosis of mesothelioma. That said, although there is general agreement that a panel of antibodies should be used, there is a wide variety of opinions regarding the eVectiveness of some of the antibodies used. 5-7 13-15 The five mesothelium associated antibodies stained mesotheliomas with an epithelioid component more consistently than purely sarcomatoid mesotheliomas. However, CD44H was positive in all sarcomatoid cases. As expected, the adenocarcinoma associated antibodies were all negative. The antibodies to EMA and p53, which can help distinguish between mesothelioma and reactive mesothelial proliferations, were positive in most of these malignant tumours.
The staining pattern in the biopsy cases was similar to an immunohistochemical study of 112 mesotheliomas performed in our laboratory. 16 When comparing biopsy and postmortem cases we found generalised agreement in staining patterns for some antibodies (for example, CAM5.2 and antibodies to Leu-M1, vimentin, thrombomodulin, CEA, and EMA), but considerable variation between biopsy and postmortem material for other antibodies, including several of the putative positive markers of mesothelioma, Ber-EP4 and antip53.
In particular, staining with HBME-1 was stronger and more generalised in postmortem specimens, whereas staining with antibodies to calretinin, CD44H, and WT-1 was reduced. Furthermore, staining for calretinin was cytoplasmic only, in contrast with the nuclear and cytoplasmic staining seen in biopsy specimens. There was a similar reduction in nuclear staining for p53, with only five mesotheliomas showing mild to moderate, generalised nuclear staining in postmortem tissue.
In addition to variation in histological appearances, the antigenicity of any tumour will be aVected by heterogeneity and dediVerentiation, resulting in overexpression or underexpression of certain antigens. This could account for many of the discrepancies described in other studies.
Needle biopsies are more likely to be taken from the peripheral and thus better vascularised aspects of the tumour. Furthermore, they usually undergo rapid fixation, thus optimising antigenicity for immunohistochemistry. The delay in tissue fixation and in general the larger size of postmortem blocks will have significant eVects on immunohistochemistry. In most of these cases, necropsy was performed within 48 hours of death and autolysis was not prominent in the blocks selected for immunohistochemistry. However, Attanoos et al compared WT-1 staining in biopsy and postmortem tissue and concluded that tissue fixation is crucial to the detection of WT-1. 11 In particular, the central parts of larger specimens gave a false negative reaction because the fixative had not penetrated and in postmortem material the antigen could not be detected. Similar problems with fixation and the size of sections have been recorded for p53. 17 18 In conclusion, it is important that all available information is taken into account in the diagnosis of malignant mesothelioma. The interpretation of both histological appearances and the immunohistochemical profile should be regarded with some caution when only postmortem material is available. The pathologist should seek to review all available biopsy material in conjunction with the necropsy.
